Aims. We study the different patterns of interannual magnetic variability in stars on or near the lower main sequence, approximately solar-type (G-K dwarf) stars in time series of 36 years from the Mount Wilson Observatory Ca ii H&K survey. Our main aim is to search for correlations between cycles, activity measures and ages. Methods. Time-frequency analysis has been used to discern and reveal patterns and morphology of stellar activity cycles, including multiple and changing cycles, in the datasets. Both the results from short-term Fourier transform and its refinement using the ChoiWilliams distribution, with better frequency resolution, are presented in this study. Rotational periods of the stars were derived using multi-frequency Fourier analysis. Results. From the studied 29 stars we found at least one activity cycle on 28 of them. Twelve stars, with longer rotational periods (39.7 ± 6.0 days) have simple, smooth cycles, and the rest of the stars, with on-average much faster rotation (18.1 ± 12.2 days) show complex and sometimes vigorously changing, multiple cycles. The cycles are longer and quite uniform in the first group (9.7 ± 1.9 years), while are generally shorter and with greater variety in the second one (7.6 ± 4.9). There is a clear age division between stars with smooth and complex cycles that follows the known separation between the older and younger stars at around 2 to 3 Gyr of age.
Introduction
Magnetically active stars including the Sun show multiple and variable cycles on different timescales with varying amplitudes (see Oláh et al. 2009 , and references therein) thereby reinforcing the paradigm of change rather than constancy for solar and stellar activity outputs. In the case of the Sun, cycles with different lengths, from the Rieger-type cycles (i.e., with length or period less than 1 yr; see e.g., McIntosh et al. 2015) , through cycles from 1 yr to 22 yr including the Schwabe sunspot cycle, to the Gleissberg to deVries-Suess cycles (i.e., timescales of several decades to two centuries) are often studied separately to explore their possible origins. With advances from the study of the production of cosmogenic isotopes and resulting, indirect solar activity proxies in Earth archives, even cycles of millennial to bi-millennial timescales have been detected and researched (e.g., Soon et al. 2014 ) enriching models of dynamics of solar magnetic activity variations. The interrelations among those magnetic oscillations and characteristic timescales are a subject worthy of further investigation. The several decades long observational datasets available for stars displaying magnetic activity in most cases are too short to derive long cycles (similar to the solar Gleissberg cycle) and barely enough for finding those of several years, like the solar Schwabe cycle of 9 to 13 years. The existence of multiple cycles of stars has long been noticed and discussed, but no special attention was paid to them owing to limitation from both observational and theoretical points of view.
It is empirically known that the lengths of magnetic cycles are related to the stellar rotation rates: stars with slower rotation exhibit longer cycles, noticed first by Baliunas et al. (1996) . Surface magnetic activity and rotation are strongly related (cf. Reiners et al. 2014 , and references therein) and as a star evolves, its rotation slows, changing the characteristics and operation of the presumed underlying dynamo as well. This is why the pattern of long-term variation of active stars should reflect the working of the dynamo inside the stars. Such a relation has already been suggested as early as 1981 by Durney et al. (1981) , based on results of the Mount Wilson Ca ii H&K survey (Wilson 1968 ) which had yielded time series for only about a decade at that time. The continued datasets from the Mount Wilson Observatory Ca ii H&K project survey, now three times as long, allow us to study and re-examine the suggestion of Durney et al. (1981) by using the observed patterns of the activity cycles in addition to adopting newly available basic parameters like temperatures and ages of the stars. Our primary aim in this paper is to study if the separation between young and old chromospherically active stars, first elaborated by Soon, Baliunas and Zhang (1993a) , and later revisited by Brandenburg et al. (1998) , shows up also in the pattern or morphology of activity cycles.
The structure of our paper is as follows: in Sect. 2. we describe the data and the time-frequency methods, in Sect. 3. we present results of the time-frequency analysis, in Sect. 4. we discuss the results, and in Sect. 5. we summarize the study.
Applied data and method
We take advantage of the full, 36 years long Mount Wilson (MW afterwards) Ca ii H&K survey (Wilson 1968 , Wilson 1978 , Baliunas et al. 1995 dataset for 29 stars of spectral type G-K in order to deduce surface rotational modulation periods and activity cycles on an about 10-yr longer time-base than previously available. Wilson originally chose the sample as single (i.e., not close binaries, although several wide binary pairs were included) stars on or near the lower main sequence based on parameters then known in the mid-1960s. Modern refinements to those parameters for stars in the sample are discussed below.
Additionally, we studied the newest version of the sunspot number dataset published by WDC-SILSO, Royal Observatory of Belgium, Brussels. The sunspot data were binned to 0.025 years (≈9 days). For comparison and verification purposes, we made use of the disk-integrated solar Ca ii K-line flux measurements from the Evans Coronal Facility at The National Solar Observatory/Sacramento Peak observed between 1976-2015 (http://lasp.colorado.edu/lisird/tss/cak.html). The data were binned (and if necessary, interpolated) to 30 days.
To study activity cycles in the sample of 29 stars from the MW survey, we used the same time-frequency analysis as in Oláh et al. (2009) . Briefly, we use Short-Term Fourier Transform (STFT) which gives acceptable resolution both in time and in frequency domains. The observational noise and the used spline interpolation does not alter the frequency distribution as was discussed in detail by Kolláth & Oláh (2009, Sec. 4 .2 and 4.3), using Monte-Carlo simulations. We also ran the analysis using Choi-Williams distribution (CWD) which has higher frequency resolution, at the cost of the time resolution or cross terms, in order to double-check the previous cycle length determinations. In case of the Sun, we applied different amplifications for the amplitudes in different frequency intervals for better visibility of the results. Details about the time-frequency analysis program are found in . We extracted rotational periods from the data with the multiple-frequency analysis tool MuFrAn (Kolláth 1990 , Csubry & Kolláth 1990 ). The shorter cycles on interannual timescale are generally not always detectable in stellar activity data records owing to irregular and rather limited seasonal time sampling.
We first discuss shorter-term cycles on the Sun which coexist together with the Schwabe cycle simultaneously, and may add insight to the physical manifestations of the solar dynamo operation as well as add confidence in studying and interpreting such shorter term activity oscillations should they be also found in stellar activity records of the MW H&K survey.
Results
We define "dominant cycles" of the stars as the most evident ones with high amplitude, which, at the same time, are repeated at least twice during the observational time window. High amplitude of the dominant cycle means the cycle with the highest amplitude during the observed time interval, except for some cases when the longest term trends and tendencies of the data records yield an even higher amplitude. The MW dataset are too short (36-yr) to define longer cycles like the solar Gleissberg and deVries-Suess cycles (i.e., 50-200 years), but the longest-term trends found in many stars could be parts of such long cycles. Many of the dominant cycles, however, are reminiscent of the solar Schwabe (11-yr) cycle, which is generally meant as "solar cycle" in this paper.
Quasi-biennial oscillations of the Sun
Shorter cycles of the Sun are well known, ranging from the Rieger-type cycles on the timescales of less than 1 year to the so-called mid-term cycles or quasi-biennial oscillations (QBO) with typical lengths of 1-4 years. However, neither the Riegertype cycles, nor the mid-term cycles, which are studied in detail concerning both their time-behavior and possible origin (cf. e.g., Forgács-Dajka & Borkovits 2007) , are continuously present in the solar datasets. Bazilevskaya et al. (2014) published an excellent review about the QBOs, and we suggest that paper and references therein, for further information. McIntosh et al. (2015) also recently added details of and insights into those characteristic variations and modeled them as overlapping, solar magnetic activity band interactions and instabilities.
We analyzed the most recent version of the sunspot number dataset between 1818-2015 (WDC-SILSO, Royal Observatory of Belgium, Brussels) with the same method as used for photometry and/or Ca-index data of stars ). The result is presented in Fig.1 . We see varying cycles on four different timescales in Fig. 1 , left panel. Among those the longest one is the Gleissberg cycle; the next three are the Schwabe (11-yr) cycle and its half and one-third harmonic components. Mixed with the one-third component of the fundamental Schwabe cycle, an independent cycle is found, which is also variable, changing between 3 and 4 years. We only mention that cycle and consider it as a plausible upper-end limit of the QBO activity variations. However, it should be noted that Barnhart & Eichinger (2011) using Empirical Mode Decomposition (EMD) combined with the Hilbert-transform found 3.4-3.6 year periods from sunspot numbers, although with high uncertainty of about 50%, as the shortest mode from their analysis. Our independent result shows that a cyclic variability on the timescale of 3-4 years may be continuously present in solar variability manifested in sunspot number, and is not inconsistent with the recent interpretation e.g., by McIntosh et al. (2015) .
The solar Ca ii K-line flux dataset is similar to the data of the MW stars both in length (only about 3 years longer) and measure. Fig. 1 (middle and right panels) shows the resulting timefrequency analysis for a shorter time-interval for the sunspot number and the solar Ca ii K-line flux. The similarity is evident; the 3-4-yr cycle is also well detected in the Ca ii K-line flux data and adds confidence to our interpretation.
Cyclic changes on different time-scales of MW stars
We next analyzed Ca-index measurements from Mount Wilson Observatory for 29 stars. The time series of MW stars have about the same length of ≈ 36 years and serves as a source in studying relations among stellar rotation, cycles and other parameters. We found multiple cycles on the stars in most cases, of which several are also variable in time. Some of the cycles are only temporarily seen, while others are present during the entire observed timespan, similarly to the solar case. We did not use any special treatment to get the cycle lengths, which should be considered rather as characteristic timescales of certain physical mechanisms or processes and therefore are not strictly periodic. Most of these cycles and even their variabilities are well visible on the datasets themselves, and the numerical values were taken interactively from the time-frequency diagrams.
The type of the long-term variability of the MW stars divides the sample in two classes by the simple or complex nature of their dominant cycles. Twelve stars show high-amplitude, slow variability with well-seen cycles, and sixteen have more er- (Gray et al. 2003 , 2006 , and Baliunas et al. 1995 , rotational periods and mean cycle lengths, determined in this paper, are given. In cases of changing cycles, the extreme values or limits of the cycle lengths are also listed, in parentheses. When available, in the last column, cycle lengths from Baliunas et al. (1995) are given for comparison. Only one star (HD 165341B) does not have any cycle; its time series displays only a slow, long-term variation in the course of the observations. Altogether, 14 stars show more than 1 cycle, and 27 stars (except HD 16160) have at least one changing cycle.
Comparing the results of the derived cycles with those published by Baliunas et al. (1995) a very good general agreement is found. Baliunas et al. (1995) used Lomb-Scargle periodograms for the datasets, which were about 10 years shorter than in the present paper. Their published errors of the cycle lengths could reflect changing cycles: e.g., for HD 100180, we find two cycles of 3.63 years and a variable one between 16.6-9.85 years while Baliunas et al. (1995) got 3.56±0.04 and 12.9±0.5 years. Our newly determined rotational periods from the longer dataset are within the minimum and maximum periods from the seasonal results of Donahue et al. (1996) for the stars in common with the present MW sample. For 17 MW stars, we find longterm changes which could be parts of other variability on long timescales, e.g., similar to the solar Gleissberg cycle.
Looking at Table 1 , it is already evident that the 12 stars with simple cycle pattern have generally longer rotational periods of 39.7 ± 6.0 days (median: 39.3 d), and corresponding cycle lengths of 9.7 ± 1.9 years (median: 9.5 yr), respectively. Some of those stars have shorter, secondary cycles with low amplitudes of a few percents of the main cycle amplitude on timescales of around 3.5-4 years. The rotation and cycle lengths show a much higher dispersion for 16 stars with complex cycles: their rotation of 18.1 ± 12.2 days (median: 14.9 d) is on average half as long as that of the other group, and the scatter is on the same order as the value itself. The average cycle length is 7.6 ± 4.9 years (median: 5.2 yr), i.e., it is also shorter and more scattered than for the stars with simple cycles. Moreover, the stars with complex cycle variations show secondary, and sometimes tertiary cycles that can be shorter or longer than the dominant one, with amplitudes ranging between 5-65% of the dominant cycles. Figs. 2 and 3 show the striking difference between the long-term changes of the two groups.
The recent detection of dual magnetic activity cycles at 1.7-yr and about 12-yr in the rapidly rotation solar analog star HD 30495, with spectral type G 1.5V (P rot = 11 days), and estimated age of about 1 Gyr, by Egeland et al. (2015) fits well with our results. Furthermore, because of the longer observational records available, those authors were also able to discern the individual, decadal-long cycles to have durations ranging from 9.6 to 15.5 years. In addition, Metcalfe et al. (2013) reported also the detection of simultaneous operation of two stellar activity cycles of 2.95±0.03 years and 12.7±0.3 years for the young star, HD 22049 (ǫ Eridani) which hosts a planet with absolute mass of 15 times the mass of Jupiter. Findings of multiperiodicity by other authors are consistent with similar results presented in our Figs. 2 and 3.
Discussion
The rotational and cycle periods are two important observables of magnetically active stars. Their ratio, P cyc /P rot can be related to the dynamo number N D , giving a directly measurable parameter closely related to the magnetic activity of the stars, first proposed by Soon et al. (1993a) . For a detailed discussion of this topic, see Baliunas et al. (1996) who, based on the observations of MW stars with a shorter time-base (≈ 25 years) at that time, stressed the importance of the measured quantities in examining stellar dynamos. Durney et al. (1981) , and more recently Böhm-Vitense (2007) studied the rotations and cycles of the MW stars in the function of their temperatures. We re-examine the relation for the stars of our sample plotted in Fig. 4 . Effective temperatures, when available, are from Gray et al. (2003 Gray et al. ( , 2006 . For stars having no temperatures in those two papers, we get spectral types from Baliunas et al. (1995) , and use the color-temperature calibration of Pecaut and Mamajek (2013, Gray et al. (2003 Gray et al. ( , 2006 with color-temperature calibration of the same stars from Pecaut and Mamajek (2013) we find, on average, temperature differences less than 60 K with the latter calibration being hotter. However the small difference in temperature calibration methods basically does not affect our result depicted in Fig. 4 .
The rotational periods show a bimodal distribution between the stars with simple and complex cycles as a function of effective temperature, as shown in the top panel of Fig. 4 . The picture is the same as in Böhm-Vitense (2007), her Figure 4 ., showing the difference between the "A" (active) and "I" (inactive) stars; different dynamos working in the stars of the two groups was given as the possible reason of the bimodality in that paper. In the bottom panel of Fig. 4 , no strong correlation is seen for the stars with simple cycles, and a possible slight increase of P cyc /P rot is found for the stars with complex cycles towards higher temperatures, i.e., earlier type stars. Note, that the coolest star, HD 95735, which is an M-dwarf, is excluded from both relations of Fig. 4 , since its internal structure may differ significantly from the rest of the stars. The MW survey was actually able to detect this convective M-dwarf flaring in real time during the 1981 observing season; consult the data points plotted in Fig. 1g (right panel, bottom) of Baliunas et al. (1995) .
We plot P cyc /P rot in the function of 1/P rot on Fig. 5 like that first shown by Baliunas et al. (1996) , displaying all cycles derived in this paper and given in Oláh et al. (2009) using the same time-frequency analysis method. Apart from the MW stars, the plot contains fast rotating stars, both singles and binaries, and also evolved stars. The fit, with a slope of 0.76 ± 0.15, was done only for the dominant periods of MW stars derived in this paper (big symbols), based on the Ca-index measurements, i.e., essentially the same as in Baliunas et al. (1996) . The relation matches the region of the fast rotating K-dwarf stars (P rot is between about 1.5-3 days) and does not contradict with the results for evolved stars; note, that all results from Oláh et al. (2009) are plotted with small green dots. However, the samples of the cycles derived from photometry (i.e., photospheric variability) for fast rotating stars of different types, i.e., single stars, binaries, dwarfs and giants, are too small to see if there is any basic difference between the cycle patterns of these active stars concerning their binarity and/or evolutionary status. The general trend between the rotation and cycle length plotted on In the upper panels, the datasets and spline interpolation we used are plotted; the lower panels show the time-frequency diagrams. We applied no amplification, so the strengths of the low amplitude secondary cycles can directly be compared. (However, in a few cases the low amplitude signals are too faint in the prints).
the secondary and tertiary cycles of the MW stars fall within the scatter of the relation.
Several attempts have already been made to connect rotation, activity cycles and ages with the observed properties of the MW stars. The closest study to ours is from Soon et al. (1993a) , their Figure 2 , which shows clear separation in log(P cyc /P rot ) 2 between older and younger stars, and is interpreted as a consequence of the change of the dynamo efficiency as stars evolve. To construct a similar diagram, we used the pattern of the longterm variability of the stars (simple-complex cycles and cycle lengths) and their estimated gyro-ages from Barnes (2007) . The errors of the gyro-ages are between 13-20%, and are not plotted, in order to maintain clarity of the figures. Barnes (2007) in his Table 3 gives the ages of the MW stars of our sample derived from isochrone fitting, activity-rotation relation, and his own technique. The 25% discrepancy between the chromospheric and gyro ages of the MW stars arises in stars with B − V < 0.6, i.e., from the bluer stars earlier than G0-1V with T eff hotter than about 6000 K. We consider such a discrepancy to be not so serious as to render the determined age to be incorrect.
We find a clear separation between the stars with simple and complex cycle patterns as a function of age in the sense that stars with simple cycles are older, as seen on Fig. 6 , top panel. The separation occurs near the age of the Vaughan-Preston gap (i.e., a bifurcation in the activity owing to the lack of stars with intermediate activity, Vaughan & Preston 1980) at about 2.2 Gyr (Donahue 1996) and indicating change in the dynamo. (The Mdwarf HD 95735, slightly older than 3 Gyr, is not part of the relation and is not plotted.) The morphology of stellar activity cycles appears to undergo a characteristic switch at a transitional age, and clearly requires a theoretical explanation. Fig. 6 , middle panel, shows chromospheric emission as a fraction of luminosity, the dimensionless quantity R ′ HK (Noyes et al. 1984 ) of the stars given in Barnes (2007) as a function of gyro-age. The youngest and fastest rotating stars, younger than ≈1.5 Gyr show much higher time-averaged activity than the rest of the sample. After that, a slow downward trend of the chromospheric activity with age is suggested by the data.
At first sight, the spread of data in the P rot and gyro-ages in Fig. 6 seems too large to be physically meaningful. But we consider the possibility and reality of radial migration of indi- In the upper panels, the datasets and the spline interpolation we used are plotted; the lower panels show the time-frequency diagrams. We applied no amplification so the cycle amplitudes can directly been compared. vidual stars, including the Sun and stars in the contemporary solar neighborhood, or even a whole cluster within the age of the Milky Way under the near-resonance interaction between the co-rotating star's angular momentum with the transient spiral density wave studied e.g., recently by Roskar et al. (2012) . The spread of metallicity that may result from the migration of the stars in the solar neighborhood, is more than 1.0 dex, without any reliable trend until at least 6-7 Gyr, as plotted by Sellwood and Binney (2002) in their Figure 3 . That picture is similar to ours for MW stars with available Fe/H values (Gray et al. 2003 (Gray et al. , 2006 and from the metallicity indicator < C RV > (Soon et al. 1993b ), which we plot in Fig. A.3 in the Appendix. Such a large metallicity difference could indicate different evolutionary paths, with the full inclusion of the likely scenarios of radial migration within the Galaxy, even for stars of very similar mass as of our MW sample, thereby accounting for at least some of the spread in Fig. 6 . A plausible explanation for the apparent dichotomy between stars of higher and lower level of activity ("active" vs. "inactive" stars) was already suggested by Durney et al. (1981) as an explanation for the Vaughan-Preston gap. In their scenario, in stars above a critical rotation rate, several dynamo modes are excited, leading to a higher overall level of activity. In slower rotating stars, in contrast, only the fundamental mode is excited. Our results seem to agree with this general scenario, a difference in the overall activity level (R ′ HK ) across the V-P gap is quite obvious from our data. In addition, in Fig. 6 , bottom panel, an indication of a non-uniform evolution of the rotation period may be seen.
Another possibility is the switching of the nonlinear dynamo from one saturated state to another. Such a possibility arises in the bimodal interface dynamo proposed by Petrovay (2007) . In this dynamo, under fairly general assumptions on the nonlinearity (some of which were confirmed by Petrovay et al. 2010) , two alternative solutions exist: a strong-field, short-period solution with a thin tachocline and a weak-field, long-period solution with a thicker tachocline. Transition from the latter state to the former state would be expected to lead to a shortening of the dominant dynamo period and to an increase in the level of activity compared to what would be expected from the extension of the "active branch" towards lower rotation rate. Some support for the bimodal interface dynamo may be present, as seen in Fig. 6 , middle panel. (In this sense, using "inactive branch" for the regular group may be misleading.) In addition, the reorganization of the tachocline may potentially lead to a change in the overall rotation rate of the convective envelope via altered torque balance. On the other hand, in its present form, this scenario offers no explanation to the complex, multiperiodic variation seen in the presumed weak-field dynamo. Meibom et al. (2015) selected 30 stars in NGC 6819, an open cluster of about 2.5 Gyr old, to study their rotation with high precision. They found a clear relationship between the rotational periods and stellar masses at the age of the cluster supporting the validity of the rotational evolution model of Barnes (2010) Meibom et al. (2015) at the cluster age of 2.5 Gyr, and for the 20 stars in M67 by Barnes et al. (2016) at the cluster age of 4.2 Gyr. The period range of the NGC 6819 stars fits well the range of the younger MW stars in the field. The M67 results of Barnes et al. (2016) (Donahue 1996) . Middle: Average R ′ HK of the stars from Barnes (2007) ; the younger ones, especially below 1.5 Gyr have higher average activity. Bottom: P rot of the stars in the function of age, showing a clear separation, also near the Vaughan-Preston gap. The range of the rotational periods in NGC 6819 and M67 at their ages of 2.5 Gyr and 4.2 Gyr are shown by green lines, from Meibom et al. (2015) and Barnes et al. (2016) . matching our results for the older MW stars which have similar masses (see below), near the age of the Sun. The gyro-ages of the MW stars and that of NGC 6819 and M67 clusters were derived based on the same background, using the expressions of Barnes (2007 Barnes ( , 2010 .
The validity of gyro-ages for the MW stars
Almost all stars of our sample (cf. Fig. 4 ) fall into the temperature region where chromospheric and gyro-ages agree well with each other. van Saders et al. (2016) found anomalously rapid rotation among old, field stars based on rotational periods from Kepler data and astroseismically derived ages, which generally do not agree with the position of the older group of MW stars. In from van Saders et al. (2016) , marked with green circles in Fig. 7 fall near the positions of MW stars in both panels, showing that the relations given by the MW stars are valid in a narrow log g range around 4.5. Note that the average log g = 4.50 ± 0.17 for 23 MW stars with available values. In this average, we did not take into account HD 81809 (log g = 3.84, Gray et al. 2006) , since it is a spectroscopic binary with components of 1.7/1.0 solar masses (Favata et al. 2008 ); Barnes (2007) also notes that the gyro-age of this object (10.6 Gyr) is uncertain because of its binarity; therefore, we used the chromo-age (4.19 Gyr) instead, in the plots. The middle panel of Fig. 7 shows temperature vs. age, for the same stars as in the top panel. Older than 4 Gyr, the stars from van Saders et al. (2016) are about 1000 K hotter than the MW stars of similar ages. The masses of the older MW stars, on average is 0.79 ± 0.13 M ⊙ (masses are from Valenti & Fischer 2005) , whereas all stars from van Saders et al. (2016) are in a narrow mass range of 1.10 ± 0.10M ⊙ , see the bottom panel of Fig. 7 . This difference suggests that the stars in the sample of van Saders et al. (2016) were originally F-type stars with higher initial mass and different internal structure than those of MW stars of similar age. The weak, if any, magnetic field of F-stars results in less effective magnetic braking leaving the stars with faster rotation at advanced ages. The masses of the younger MW stars on average are about 1.0 M ⊙ ±0.3 with quite a large standard deviation.
The wide binaries HD 131156A/B and HD 201091/HD 201092 in the sample
The stars of the wide binary system HD 131156A/B are the youngest stars (about 0.2 Gyr) among the MW stars in this paper, with fairly similar dominant cycles, around 4 years. The dominant cycles of both components have small amplitudes compared to the long-term variability; thus, those dominant cycles can hardly be seen on the maps, which have no artificial amplifications (cf. Sec.2). Those dominant cycles are, however, evident in the time series themselves. Also, Morgenthaler et al. (2012) from magnetic field monitoring of HD 131156A, found that the topologies of the field were similar in 2007.59 and 2011.07, i.e., about 3.5 years apart, and suggested a possible relation with a cycle of this length, which supports our cycle length of 3.7-yr. The stars of HD 201091/HD 201092 are near the VaughanPreston gap in the age-P cyc /P rot diagram (Fig. 6 , top panel) indicating slightly different evolutionary stages, possibly owing to the difference in mass between the stars (0.690/0.605 M ⊙ , Kervella et al. 2008) . While HD 201091 has smooth cycles of about 7-yr, which slightly changes with time, its later and less massive companion HD 201092 has more erratic, longterm variability (cf. Figs. 2 and 3 ). This different pattern is confirmed by the coronal variations of the stars. Robrade et al. (2012) , using X-ray observations from XMM-Newton, sampled HD 201091 over the 9 years interval between 2002 and 2011, confirms the 7 years cycle found from the MW chromospheric record. HD 201092 showed irregular X-ray fluctuations around intermediate state with slightly declining overall trend during the 9-yr XMM observations that are well in line with those observed for chromospheric activity record.
The place of the Sun among the cycling stars
Except for the slightly faster rotation of the Sun than the MW stars of similar ages, the solar parameters and the results of the time-frequency analyses of solar datasets (sunspot number, Ca ii K-line flux) fit well the different relations drawn for the MW stars plotted in Figs. 4, 5 and 6. One possible reason for Sun's slightly faster rotation in the sample is, that according to Sellwood and Binney (2002) the Sun is slightly metal-rich comparing with the stars of similar age, which may affected its rotational evolution via less effective magnetic braking.
Another explanation for the Sun's slightly faster rotation could come from the planetary system of the Sun. Recently, Maxted, Serenelli & Southworth (2015) found evidence that in some cases, host stars of exoplanets rotate faster than expected owing to their tidal spin-up. Apart from the Sun, among the studied 29 MW stars, only HD 3651 is known to have a planet, with an orbital period of 62.2 days on a very eccentric orbit (e = 0.63), discovered by Fischer et al. 2003 from radial velocity measurements. HD 3651 also has a distant T-dwarf companion star (e.g., Liu et al. 2007 ). The rotational period of HD 3651 is about 44 days, i.e., quite slow. Wittenmyer et al. (2013) showed that in case of HD 3651 (and in 8 other cases outside of MW chromospheric activity samples) the radial velocity data can be better modeled with a planetary system of 2 planets on nearly circular orbits than with just one planet on an eccentric orbit. The second possible planet is closer to HD 3651, with a 31 days orbit. However, the two inferred planets are too small to affect the rotation of the central star.
Summary
We studied activity cycles of stars on or near the lower main sequence by analyzing observations of 29 MW stars observed for 36 years. The sample of stars covers a range of ages, with an average log g = 4.5 ± 0.17. The older stars, older than 2-3 Gyr, form a homogeneous, slowly rotating group of 12 stars with spectral types between G5V-K5V. On average, they have similar rotational periods, of 39.7 ± 6.0 days. Their cycles look simple; the average dominant cycle length is 9.7 ± 1.9 years. In some cases, secondary, low-amplitude cycles of about 3.5-4 years also appear. The Sun itself rotates somewhat faster than the sample of 12 older stars with simple cycles. The universality of the sunspot Schwabe cycle of about 11-yr for the Sun together with the average dominant cycle of about 10-yr of the 12 MW stars fits well with the recent popular attribution of the sunspot cycle as "Nature's Third Cycle" by Choudhuri (2015) .
In contrast, the younger 16 stars have, on average, much faster rotation of 18.1 ± 12.2 days with a large dispersion, and shorter, complex cycles of 7.6±4.9 years, with additional, sometimes multiple, smaller amplitude cycles. The range of the spectral types for this group is somewhat wider (from F9.6V to K7V) than that of the older counterparts. There is a clear age separation between the two groups near the Vaughan-Preston gap (i.e., around 2-3 Gyr). This picture suggests that stars arriving on the lower main sequence are magnetically active, and show fast rotation, high mean levels of magnetic activity, and complex interannual variations in activity. As they age, magnetic braking slows the rotation of the stars, leading to simpler, cycling variations, similar to the contemporary solar Schwabe cycle.
The change in patterns outlined may owe to a higher number of dynamo modes being excited in the fast rotating younger stars or to a more profound switch in the operation mode of the dynamo, as in a bimodal interface dynamo.
A clear implication of our results is that monitoring stellar activity variations promises a rewarding and affordable investment, demonstrated by the presence of interannual-scale activity cycles. Observational efforts targeting activity cycles need at least a few decades to get reliable results, like the Mount Wilson project that spanned 36 years, which, more than 10 years after its termination, is still an extremely valuable source of information. 
